Treatment decisions on prostate cancer diagnosed by trans-urethral resection (TURP) of the prostate are difficult. The current TNM staging system for pT1 prostate cancer has not been re-evaluated for 25 years. Our objective was to optimise the predictive power of tumor extent measurements in TURP of the prostate specimens. A total of 914 patients diagnosed by TURP of the prostate between 1990 and 1996, managed conservatively were identified. The clinical end point was death from prostate cancer. Diagnostic serum prostate-specific antigen (PSA) and contemporary Gleason grading was available. Cancer extent was measured by the percentage of chips infiltrated by cancer. Death rates were compared by univariate and multivariate proportional hazards models, including baseline PSA and Gleason score. The percentage of positive chips was highly predictive of prostate cancer death when assessed as a continuous variable or as a grouped variable on the basis of and including the quintiles, quartiles, tertiles and median groups. In the univariate model, the most informative variable was a four group-split (r10%, 410-25%, 425-75% and 475%); (HR ¼ 2.08, 95% CI ¼ 1.8-2.4, Po0.0001). The same was true in a multivariate model (DX 2 (1 d.f.) ¼ 15.0, P ¼ 0.0001). The current cutoff used by TNM (o ¼ 5%) was sub-optimal (DX 2 (1 d.f.) ¼ 4.8, P ¼ 0.023). The current TNM staging results in substantial loss of information. Staging by a four-group subdivision would substantially improve prognostication in patients with early stage disease and also may help to refine management decisions in patients who would do well with conservative treatments.
The advent of prostate-specific antigen (PSA) screening in the past 20 years has seen a decrease in the number of incidentally detected prostate cancers in patients treated by trans-urethral resection (TURP) for benign prostate disease. The majority of neoplasms arise in the peripheral zones of the prostate making trans-rectal needle core biopsy the gold standard for confirming the diagnosis in patients with raised serum PSA. However, approximately 20% of prostate cancers arise in the transition zone 1 and a minority of tumors may not cause a rise in PSA, especially those of low volume. Therefore, a minority of prostatic malignancies continue to be diagnosed on TURP specimens, especially in developing countries where PSA screening is not available.
It has long been recognized that cancer extent in resection specimens may predict tumor behaviour. The current TNM pathological staging of prostate cancer on TURP chips stratifies patients into stage T1a and T1b on the basis of the percentage area of tumor (o5 vs 5% or greater) in the TURP specimen. 2 This approach was based on a paper now nearly 30 years old and before the PSA era. 3 Decisions on patient treatment are often made using this cutoff.
With the advent of tables or nomograms 4 it is now recognized that the risk of progression can be given on a variable scale rather than the dichotomic TNM system, where valuable information may be lost and patients may receive inappropriate therapy. 5 The Trans-Atlantic Prostate group was formed to study the natural history of prostate cancers with clinically localized cancers diagnosed by TURP or biopsy, and with diagnostic serum PSA and centrally assessed Gleason grading and tumor extent data available. We hypothesized that a more refined assessment of cancer extent in TURP specimens may aid treatment decisions in patients diagnosed by these means.
Patients and methods
The details of cohort assembly have been described previously. 6 In brief, patients diagnosed with biopsy proven, localized prostate cancer between 1990 and 1996 were identified, by participating UK cancer registries. Exclusion criteria were age 476 years, no baseline PSA, invasive carcinoma within 5 years before diagnosis, or hormone treatment before biopsy. Patients were also excluded if they underwent radical prostatectomy, or radiotherapy within 6 months of diagnosis or had evidence of metastasis, a base line PSA4100 ng/ml or died within 6 months of diagnosis. This was a practical method to ensure that initial treatment was not radical and patients had localized disease. The primary endpoint was defined as death from prostate cancer. Where available, death certificates were reviewed to verify cause of the death and survival outcomes were determined from medical records and cancer registry data. Last follow-up was December 2006.
Original diagnostic TURP biopsy specimens were reviewed to confirm the diagnosis and assign Gleason score. 7 Tumor extent in TURP specimens was determined by calculating the fraction of TURP chips involved by tumor. The primary endpoint for this study was time to death from prostate cancer. Univariate and multivariate analysis were performed using a proportional hazard model. All P-values were two sided and 95% confidence intervals were based on a normal distribution.
Results
914 cases diagnosed by TURP were included in the cohort. The mean age at diagnosis was 69.4 years (range 49-76 years). The eligible cases were represented predominantly by patients receiving no initial treatment (745, 82%) with a minority receiving initial hormonal treatment (169, 18%). None of the patients received treatment (including 5a-reductase inhibitors) before TURP. Median followup was 117 months (range 80-180 months).
The extent of cancer measured by the percentage of positive chips was available for 904 cases. In univariate analysis, this variable was highly predictive of prostate cancer death when assessed as a continuous variable or as a grouped variable on the basis of the quartiles (Figure 1) , quintiles, tertiles (data not shown) or median groups ( In the group of patients restricted to those with no initial hormone treatment and with the percentage of positive chips data available (n ¼ 738), in the multivariate model, results were similar to those for the unrestricted cohort, but the 5% cutoff was not significant (DX 2 (1 d.f.) ¼ 2.6, P ¼ 0.1). In Gleason subgroups, the value of extent of disease was also apparent when restricted to cases with Gleason score o7 (HR ¼ 2.1, 95% CI ¼ 1.6-2.8,
) ¼ 28 and the test for heterogeneity was not significant (P ¼ 0.2)). 
Discussion
Following the introduction of PSA testing in the early 1990s, there has been a large shift in the method of diagnosis of prostate cancer, towards ultrasound-guided biopsies of the peripheral zone and away from TURPs that sample the transition zone. Despite advances in accurately predicting the presence of prostate cancer before treatment for benign prostatic hyperplasia, 8 a significant minority of cancers are still diagnosed by this method. In developing countries where ultrasound guidance is not available, the use of TURP is even higher.
Recent studies have explored the outcome of patients with incidentally diagnosed prostate cancer (T1a/b). Melchoir et al, found that reliable predictors of aggressive disease were lacking. 9 Capitano et al showed that pre-and post-operative PSA and Gleason score following treatment for BPH were predictive of residual disease at radical prostatectomy. 10 Another study, showed similar outcomes for biochemical recurrence and 10-year survival in patients with T1a/b compared with patients with T1c disease following radical prostatectomy, although patients with pT1b disease had a lower cancer-specific survival that was attributed to a higher frequency of adverse pathological factors in this group. 11 Descazeaud et al, in a study of 144 T1a prostate cancers with a 5-year follow-up developed a model using pre-and post-operative PSA, Gleason score, weight of resected tissue and clinical prostate weight to determine the risk of disease progression. 12 They did not examine T1b cancers, and though a useful model for short term follow-up, no patient developed metastases and follow-up was by PSA recurrence alone. In the current study the end point was cause-specific survival. These findings indicate that patients with pT1 disease are a heterogeneous group with a proportion at higher risk of disease progression, in which better refinement is possible with standard parameters.
Articles examining tumor extent have concentrated largely on biopsy extent, including a recent evidence-based review of previous papers. 13 TURP cancer volume is an issue that has not been addressed fully for over 20 years, and men diagnosed by this method may not have their risk of progression dealt with in a sophisticated manner.
Prostate staging has a complex history. In 1956 Whitmore developed the first staging system on clinical parameters. 14 The death rate from stage 1 prostate cancer was low a non-aggressive approach to disease management was advocated. 14 However, it later became apparent that a small proportion (approximately 10%) of these patients would develop progressive disease, including distant metastases. 15 Therefore, in 1959, Jewett subdivided Whitmore stage 1 patients into two groups by incorporating a histological assessment of the tumor went some way to addressing this issue by modifying the Whitmore staging system. 16 In this system Stage A disease was defined as clinically unapparent tumor confined to the prostate gland without evidence of distant metastasis. Patients in this category were usually diagnosed following TURP for benign disease. These patients were then subdivided into two groups A1 and A2, by assessment primarily of the extent of tumor involvement in the TURP specimen (localized or diffused) and, second by the degree of differentiation (well differentiated or moderate and poorly differentiated).
In 1980 Cantrell et al, further refined the staging of clinically inapparent prostate cancer. 3 They showed that the disease extent and histological grade in TURP specimens were two factors that most accurately predicted progression. However, there were only 117 patients in this study and there was progression in only 14 patients after 4 years. Despite these limitations it was found that subdividing disease extent into two groups, 5% or less and 45% was a clinically useful determinant. Later studies similarly showed that disease extent was closely correlated with survival, clinical stage and risk of bone metastasis, with the advantage of less inter-observer variation than Gleason grading. 17, 18 This is the basis of the TNM sub-classification of localized (T1a/b) prostate cancer, as its initial proposal by the UICC an ACJJ in 1992 to the current edition (sixth) in use today and the forthcoming seventh edition.
There are few studies considering progression after expectant treatment following TURP. 19 Egevad et al examined the pathology on 305 men treated expectantly and found that both Gleason grade and extent of tumor provided prognostic information, but they used the 5% cutoff and did not present data on other means of measuring extent.
Methods of measuring cancer extent are variable in histopathology. The simplest method is the one used here, where the number of prostate chips involved by tumor is expressed as a percentage of the total number of chips. It has been argued that as the tumor usually does not occupy a whole chip, this provides an overestimate of cancer extent, and that an alternative approach used by some authors is to 'estimate' the amount of tissue involved, though in irregular chips containing irregular volumes of cancer. Estimating an irregular object area within an irregular object may be challenging. A computerbased or stereotactic approach is also possible, but we are unaware of it being used in routine practice.
Improved staging for pT1a/b prostate cancer These issues were addressed by Foucar et al who compared the value of tumor extent measurements by a variety of methods in TURP specimens and correlated them with 5-year survival. 20 They demonstrated that morphometric measurements of disease extent (absolute and percentage area of involved chips) were predictive of 5-year survival, but also that the percentage of chips involved by cancer closely matched the morphometric measurement in predictive value. The importance of the latter observation is that it makes time-consuming assessments of percentage area of disease extent unnecessary, without compromising the prognostic value of the assessment. Other groups have validated this method of counting prostatic chips. 17, 18 To our knowledge this data is the first to compare different subdivisions of tumor extent as Cantrell et al in 1981, and demonstrates that using a 5% cutoff for tumor extent results in the loss of considerable information on the likelihood of tumor progression. Our study also confirms the findings of previous studies that show that assessments of the percentage of involved chips is predictive of survival in prostate cancer. 3, 21 It also confirms that the assessment of percentage chip involvement is a good way to assess tumor extent. We have demonstrated that the optimal assessment of extent would be by subdividing the percentage of involved chips into four groups (r10%, 410-r25%, 425-r75% and 475) giving added prognostic value (P ¼ 0.0001) over and above initial PSA and Gleason score in predicting prostate cancerrelated death. This information could be used to construct more refined nomograms for patients diagnosed on TURP.
The prognostic value of disease extent in biopsy specimens needs to be placed in context, with the role of novel prognostic biomarker markers. In this cohort Berney et al recently showed that the Ki-67 proliferation fraction of prostate cancer tissue in TURP specimens added prognostic information over and above age, serum PSA, cancer extent and Gleason sore. 22 These novel biomarkers may further refine prognostic models.
Limiting factors include the retrospective nature of the cohort and selection criteria and variations in follow-up. Despite this heterogeneity of the study population in the follow-up period, these confounding factors are off-set by the cohort size, long followup, and that the availability of pre-operative PSA and contemporary Gleason scoring.
Conclusion
We have shown in the largest series published with PSA and contemporary Gleason scoring the utility and power of measuring the percentage of involved chips in TURP specimens to estimate the extent of disease and to predict long-term survival in prostate cancer patients.
We have demonstrated that the current T1a/b TNM subdivision could be greatly improved by adopting a four-group subdivision. This would enhance prognostication in patients diagnosed by TURP, allow the construction of better nomograms and may further refine management decisions in patients with low-to-intermediate risk disease who would qualify for active surveillance.
